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(57) Abstract 

In a method for wireless data communication between a transmitter and a receiver in a wireless communication system, groups of 
symbols of an input data stream are commutated (24) to produce a plurality of commutated data streams. The plurality of commutated data 
streams are then transformed to produce a plurality of transformed data streams. Next, each transformed data stream is spread (26, 28) with 
a selected one of a plurality of spreading codes to produce a plurality of antenna signals. Finally, each of the plurality of antenna signals 
is transmitted using a selected one of a plurality of spaced apart antennas (34, 36), wherein the plurality of spaced apart antennas (34, 36) 
are spaced apart to provide transmit diversity. In one embodiment, the transform is a space-time transform. 



Citation 



<H0B*mt** (j p) 02) & 35 4t 3* & « ca) (ii>wiwi»»»* 

^^2002-538661 
(P2002- 538661 A) 

. (43)^ B ¥J£14*P11J!12 B (2002. 11.12) 

(sDintci.' mmn PI w<*#) 

H04B 7/06 Hn4B 7/ftR MW 

' H0 4B 7/06 5 K022 

*J™ 7/02 Z 5K0 5 9 

7/02 H 0 4 J 13/00 d 



*S»JJ< TflMHafcR * (^ 44 H) 



(86) (22)fbJSB 

(85) «f?XiiffiB 

(86) 1 

(87) 1 

(87)S^MB 

(31) fijfc*fc£3g## 

(32) «5feH 

(33) «5fe«^5gS 



4$®2000 -601766(P2000- 601766) 
¥f£l2*F 2140 (2000. 2. 4) 
¥/Sl3*p 8 n 22 B (2001. 8. 22) 
PCT/US 0 0/0 2 9 5 8 

p!Qa/5 1 2 6 5 .! 

¥j£l24f 8 £ 31 B (2000. 8. 31) 
0 9/2 5 3, 7 8 6 

Tfigl W 2 B 22 H (1999. 2. 22) 

*@ (US) 



(71) Hi® A 

MOTOROLA INCORPORAT 
RED 

-f — X h • 7J^>^-f > • D — F1303 
X^>X, /f'J, 17 -75004. ;U • ^ • 

(72) ^W# HrXX—'QUy'? 

x^>x, y^y^-^-i • ^- - a— x, x 

7-92260, ^ • 5r ■ #5r-r 7X, 9 ■ f 
X 

(74)ftSA #S!± AS flfcfr 



(54) [fti»©«ft] ^-f/t-^^SftfiiM-r*****^^^ 



(57) [3?#j] 

s^ap*.^-^ • x h 'j-A(«asn, *&©&&» 













tnn 
•♦a 








1 MWW | ^ 



( 2 > "ftm 2002-53866 

[ m wf m # <d m. m ] 

A ^ ^ - * - * h y - A © v # • ^^-^*»81ELr, ««©e*»*7* 



* ^ y - A £• -<*- 5 IS: ; 

ftfttothf jitatiitsaBTfcot. m mm.m <r> mm l tz r v ^ -t- « , 

ft y -T - •> ^ £■ 4- XL -5 * ^ m $ tl X ^ -5 , mj% ; 

[ SS * 3® 2 ] A^r-^ • * h y — AOi/y ^fyi/ . £ S »S L T , 

l± 1 J; <o t> # (,-> ^ l. ^ , We P£ ; 

*l = 5 a f-?ai/j|;TMENi/y#^. ^^-^fcUJ^LT* 1 fi % ft 

sum — ? ■ * h v-A.&±f$.-Fzm;m ; 

^ & o 

[ » * * 3 ] mmmm<DMffiy% - * • * h y-A^^^ur, m&<D 
^ m ft ^ ^ - 9 • * b v ~ & ±i&-f z m^&m a : 



( 3 ) ¥f$i 2002-538661 

m 2 mm%^f- ? . * b » - ± % g m! % mn ^ <t L x ^ m 3 & ± 4 
l r , mi mm 'pm. m i & * t» *> * > * » s > s > & m * ^ , t^mzm^ 

* * W , r * 7- = > ✓< - h , Hdtsitfjjtutsrit^K^^^Kjj^^ 

a* ^ -r s m „ 

[ IS # * 7 J Su f£ « g ©7yrtjf f ©t^fti?rjg<It5 T> 



( 4 ) 2002-538661 
6 JRm 0 7- 9 S: (t r S * iSfe . 

ft -r s -> * -r a -r- & o t , wiEa&fli«ttii6m^-r/'<-->'^sr^"-r5flr»sriu«i- 

5 7t A K T > 7- -T • 7 U ^ ^ « ffl f § , ->^xAT-fcoT : 

xt)?- ? • * hy-A»->y^;u. s^-^itmffiLx, « «i e> s % » * 

x - * • * H)-i5risJt5^ a/-^ ; 

. aSft^f^-^^Sr-^^SfciftUlHtMi^TV^S, 31 AT tit ; 

[ !S Jft ]g 9 ] A^jf-^ - x M - A © -> y ^ ■ ^^-/SrlS Lt, 

li 1 J: 9 t*t^i>§ lvn, 

miea^x — ^ • x h y — ^ w m 2 n v- v /t- . ^yp— y & mva- z m ; ja 

3ft $r ^ x - * • * h y - A|r4^t5f S ; 
~y x ^ a 0 

[fS*igl 0] HulE^^coSSfEiff^-x — ^ • * h !/ - A ^ f ^ l t , ft 3£ 



( 5 > 2002-538661 
miMffite^zr-? ■ X hy-^SrSW^W»#YI:LT, % 1 *s i V « 2 & 
>& ^ x - * • * h y-A$:£fiJt-f<&j&l£flimM«F£>S ; fcJ:t>* 

3* x - * • * h y--&*^^i-6JR2SDIJi*«|^-g-s ; 

v- ;* r- A . 

(4 : 

£ £ e>K-£^-Cfflf/ig£*i,5£ £&4**i:-*-.5»#JSi OEftro^-^S-iSfll-f 

•5 '> ^ 7~ -h „ 

[ H * * 1 2] aftniHllLfc7J'f tcp t,Oi8{SJifc-oS:if(|ffl l 

^ Sr * » , T 7 = s< - h , mists * v&is-jr z & a b id* A,-x*m& z 
h , hu te & & © at ffl l fc t v 1- , asfsy-r^-^^sr^iifcfetftniisjx 

'-s 7" i- m fir <o ti ? ti it m m -t z tc ib ^ t >^ -r ■ rn'rt©aft«r>-^^- 

[ IS # ^ 1 4 ] StliEIS^CCOTV^^ft-f-CD^tu-etiSri^it-rifcit)^, r 



( 6 ) 2002-538661 
,u • v y t 1SIM £ tl & 7 > 7 T ■ X *( y ? * ? ■ ,* - \ c & v X * 

5 © Pi ; 

^^m^mmm^^^xm^hntz^mn^icm^i-^^nmn^^mm^x. 
wia^-^^vKsww^sristtiR-rsaB-efeoT, m is is» it « « , s ft a * 

I » * * 1 7 ] ^Tff)i2f ftlgtii^f f-^f It Lt, h7t->^-^^ 
W * -T 5 15 Pg ; 

-5 ^ i£ 0 



(7) #$2002-538661 

T : 

§: ft ft £ g ft :fc J; O* ^ * ;x = y ,< 



V L T , - ^, >- K S ft ft £ £ fig f 



S£ 1a 



^ T © ij» * UJ ft * S: is » j|E u T . h 7 fc y * • ^ + * /u • t* - * * # 

ff^Sr^^i-5^ran#P a 1«^^^^6(c-g-A,T-^^$^5-i^# } g [t ^ SfSjft 
* 1 9iS®O^-^^Sff-r-5v'^7 i A 0 

r n * * 2 1 ] ^T<oia*ac»«aiAfs-§-s:ia»«*L-c. h 7 t ^ * • <^ + 
* 1 m m * . *iiaac»«m^ft#*»e,ji5i^> S K / u. ^ ,u - * s ^ j. 

s 2 ffl m { - ^ m 2 & m Am ^ t> %m 2 •> & ,u ■ r 



( 8 ) 2002-538661 

i> ~> s*. 7- A. 0 

#-*-a«riea»«*#tt, = * - is > h & & z ti it * * *u & % i, x x 2 

• * b y - * © v # ,u • ^^-/trtl^LT, *«<©£*SF*5* 

- 9 • * v v - j± z&mzt^-X'&nk lt s «s«7yf tut ^ 

T -T tt , & ff ^ ✓< - -> ^- £ 4. ^ 5 fc ^ m m £ n x t , 5 ^ S K ; *s J: v 

[ 11 * 9 2 4 1 X f] =r — ■!? ■ ^ h JJ - A©->y*'yu . ^^-/^f IL-T 
. ffiifrcogg&iS^T-'-* • * h y-A^^ggt-SSfjfSS^tt, A A r — ^ • X h 
y - A <D -> > # ,u . /^-^SrSBemiftftLT. I? 1 i (/I 2 f ft^^r 

*«2 3fE*i<E>:r-*£j2Ht1--5;*Si 0 

2 5 ] A ts t — 9 ■ * h y — A a) ~> >■ • — 7° £• £ fig b# pfl 



IB l JH IB] , |g i ^ & tB ^ 75, e, -> > # , u s t % ^ L ^ 



(9) 2002-538661 

***fc*^*/*£*L*;ri*»»£raw#*24ffi*©^-*fc£tt + 
I » * * 2 7 ] «riB*»©r>7 i ^fli*©*n-?'ix<ofc»{c, uaia r v ^ 

z k*&mk-tzm*m2 3 «lm <o - ? % m m -t z % m „ 
m m + z> -> * ^ * r- foor, miia^ <t m^mm y ^ ^< ~ ~> ^ ^ ^ ^- ^ m ^ ^ mm 

-t % tz ft T > 1r -)- ■ y * ft m -t 2, , '> X T J»X- t> o X : 



(10) ^$2 0 0 2-5 3 8 6 6 1 

r^^-tit, m ft y -r ^< - -> & # * 5 t * ic m n * n r ^ s , * a ; *s ± v 

I Wf # * 3 0 ] A ^r-* • * h y - A © v # ,u . s/^-^SragftuT 
I S* * m 3 l ] A * =f - * • * Y y - a co -> v # ^ • ^^-^i^|«i^ M 

mi ft & m tt : 

5 -> ^. x A „ 

[ » # * 3 2] S-fc***^-* . * M-A« ttn . Mu> ^ 

o 

I » # * 3 3 ] stiieift^wrv^^m^w^^-enwfcfefc, m 12 r > ^ 



( 1 1 ) ¥tm 2002-538661 

SI Pel I. fc 7 y f t o ? hb>m$:fflM&)^miR-fz>^&& & bl,C<£AsXffif$.£ti^ 
N l± 2 «fc <0 l^^Sf L^St-Cfc 9 . Xtt 1 «t 9 U^^i^f L^lSffc 

5i<k£#®tr5!fi#^2 9f5*W^-*£&«1-5v;*^A 0 

•t ft ft «: « W . T 7° h , H9tt*Jj;tfi£fti-3#&«:$e > K:^/y-t?« 

$ ft , ffi IE « ft co Ml ffl I_ tc T > 7- ft , jSft^^^-->^ft-#*.5fc*tc«rin 

£ ft -5 tSr#^i-rsft*^2 gfetwf-^^igfits-y^fi., 

[ fit * 3 5] 7 ^ ^ U * S ft ^ * x A (;l v% T § ft Kl T x — ? & &m 

Tzxmx'ibox, HfTiS^-^fi, ii ^ £ ft fc f$ ffl ^ ffl ft t* i§ |R £ ft fc r v ir 
(r * l T , **S^ + */i'«:*r-*-5ft**i£fti-4fc*!>fc. il JR $ ft fc B# ffl %} 
W T T V 7=" • TU-YrtOil^^^fcT^x^^fUfflLT, a*ft«a»P>i£ft£ 
ft 3 > # £fc T' $> o T : 

S II (f f * S ft <t V ^ 9 > 3 y - h L T , ^< — ^ y< >- K g ft ft £r £ -f 
4 a Hr ; 

bu te r > ^ -r ■ r^^fH<Dmtn^tttzT> : Ti-^b^m^th^mmi(Dr>^^ 

ft £ * 5 Ac * fc Su IS m ft m t- *s T ffl e> ft tz & tfe ^ -§• ti ijg -f -5 i£ t£ ffc 
ffiF S: f ij ffl L X , *J - * ✓< > K £ ft ft # Sr ig ft£ tic -f -5 IS T* fo o T N iff 1 E ig 

WffiBRSftfci^lHMIWrt^flfrEiB&Sftfcr^T^KJzoTfc^Sfts^-r 
^^KJSSLT, *gftSE»»F*ft-l§-4ra»«ifcLT, ifi*!fe«a^flH|-**^-r 
•5 S Ft ; 

3 6] ^^mmmm^-ia^-^m^^^x, mmmmmtiia^^± 

J5ici-SHfrfES|ig(4. £ ft ^ & ^ ^ ft -*§- £ £ Pb 1 ] B# « -*§- L T , i»£*»ai;*jft* 

- * S: S ft i" S * jS „ 

[ f S * if 3 7] !7^^i'*iiflS';*^A(;;:fci,>Tgff;|li^T'7 : -*— ^£gff 



( 12 ) 2002-538661 
^A-efcoT. lEf-^B, S « * *i B# m M IH] |*| T- 3 * $ fc T > 

B * BCT7:/? + • ? f( ft & mvi z ti ^ r t i- * m m l x , mm 

ft £ S , ->^-7 L A-efeoT: 

ft * * *] ffl L T , fi IS - v KSftflr**iS»i£1Ri-57 f ^ 7 'i < , s ,^ t . fcoT 
* iS» X #1 3§ ; 



( 13 ) 002-538661 

[ s§ w <d p m tt tft m ] 
(mm ±.<nmm^m) 

[ 0 0 0 1 ] 

co a « ) 

* ^ A $ft (system capacity) * 1# AQ ^ 5 H . flF*#Id£5c8S«! (CDM 

A) ^ 1- -Y U * iilt ^ A * if, T#$IJ PS (interference limited)^ y- A "C 

I* . S * 5: * *D -T * - o W * m . #a-fKagte,h5«flry<!7-4fi*t 
3 r i; T* 5 „ H3Tiil|/-7-|riit5;iCiO, ia _ f t #t 5 f8i 

£ ii AO T- % 3 „ 

[ 0 0 0 2 ] 

tt^ir*^©SjiJ»sSrJ«AD-j- 5 - t -ei ft)5o mm v ^ ? co ® m £ Wi '> Z ■£ Z - ^ <o 

SfcJC, 7 =. - > if (fading) # J, 5 o 7 * - 5? > ^f^ fivx < od»ff>?g«:*S fc 9 

, -t co - o it jv *f- ,< * . y ^ - o? v ^ t ^ 5 ^ ^ /U ^ x ^ . 7 ^ _ ^ v ^ (J ^ 

[ 0 0 0 3 ] 

^*fi*filStlT*fc. iftbOf fefcli, SE £ i2Hf *W ^ - v- (OTD : 
orthogonal transmit diversity) ■*? , ^ PbT «F ffl i§ ft ^ -T ^ — (STTD :s 

pace-time transmit diversity) z) s 11" S -5 „ 
[0 0 0 4 ] 



< 14 ) ¥f&2 002-538661 

^xf^mmcom^^<^^:yo-y^mi:7fii- 0 i/f roi p t, x-?-y — *2o 

5 * -> v # yu f± , *D A # 3. = y KcStt* ft6-*4ttttft£t±© h 7 t 

— * £ * -f r. t x)5 T- # 5 „ 
[ 0 0 0 5 ] 

V JK /U as X - * • y - * 2 0 *» t, tb t> £ 5 U - h « , ^ V * A- • * n y t 
2 2 1:^0^19^5,, ■> > Jt? S , , S s {4 , x — * • y — ^ 2 0 i> * § J; 
5 K El ^ $ ft , : : t?# j/y . ^ o j, ^ 2 2-C l )M H t? . $,5^ 

ttT.~T,©ir B u Lx^^ti5v'y*'^ar B it\ tu ^ £ ft 5 „ 

[0 0 0 6 ] 

x — ^ • y- / 2 0 *t>o->y*^©->y 7^ • ^ h y — a 14 s ^$^.x — ^ 

(commutator) 2 4|;|t^, C (?) n Jar-? 2 4tt->V*';U • ^oy^22 

(spreader) 2 6 (C iH <Q , Sl^^f y^Lt, $ 2 •> y * '/l. S L . ^ ^ / U ^ 

2 8 j£ ^ Q Kft(oyy*-;nj: % *^''5'* r 26£28£©HT-#->>'>K/uJW|H] 
£ 35 S -T 3 „ 

[ 0 0 0 7 ] 

^7-U-y^ 2 6, 28(4, **^->~ « »W* (spreading code)"*? 

SIt5 r i i; J: !) ->y*'^*tett5„ * u -y ^ 2 6 , 2 8 C *J (t 4 >> y # 

. u-h(4->>^/u^x-? . y-^2oa»e>tn>3*naiR©U' — hoift^/j: 

W * * & $ L , *fcS<ELfc««!iieiigur, ^^^28Kt«Sf!: 
» fig r * 5 . ^u-h • •>y#/ut!fiftt5fcj!,cfi,>f ) ji5rftf)«3»fi^* 
/U^^^-^-T'f4, ^ T' u y y 2 6 , 2 8 C J: o T Hi * S ti 5 f ? 7" • I/ - Kchi 
p rate) (4. O T D 4 L » g if i i C S J f 5 . 
[ 0 0 0 8] 



( 15 > <&m2 002-53866 1 

* 7° 2 6 , 2 8 0jil/)ai«iqfiftjj(tt4|3 o, 3 2 ICg^$ji 5o - 

[ 0 0 0 9 ] 

«S ft m 1& ft % ff« 3 0, 3 2 <© U ti it , '>y#^s,, S , Sr PQ B$ j£ ft f 5 

. # T > ^ A> *D A # a. = y f. £ xMf * # it tf $ 4 * * & Sg (path) * fc « «l 
(ray)©«tttt«9Jte»J^-C# . r,, r , t L T * ^ 5 ffft (c J; , t EJ6 ^ 

, r c r* r , , r.ii, + X'^iomftis nxfi + mm 

[0010] 

4 OfCfc^T^^V^- h- • |g P £ *l . OTDgfS§4 2 *} ^ -C « * S *i 

■5 o 

[0011] 

OTD«f ^4 2 WtU^li, ft^*«|r,, r , * ft fft © * # * © Z * (C 
•t^tSS^tlfcSjn^ViK/U (recovered symbols)"?? $>5 0 O T D S 3£ 4 2 
© ft f£ « £ 5><C«if»ttH2fcS%$n. «TT-IiWt5 0 
[0012] 

OTDfttSUJAli, 7* - * • y-^ 2 0 CTSiSixSfftftjiiiot^ 

sinter leaver) *Sj:Ota#»4 4 Jg $ tL „ x-fV^y-^fc.fcUCfc^l^ 
4 CD ffl ^ fi 4 h 9 t y * • ^ + * ,U • ? - 9 V h 3 . l/iSv-yiif/HJS^Sf 
+ * ^ *U » £ g IT S © -C , £ if ? - it , OTD^^^-i/f^scj;!,, ra _ 
■f - e ' * p d p « o * ic jgc $ 5 . r (i . ia5*<o->^d<^is^^-^. 731 _ 



(16) &m 2002-53866 

[0013] 

::T@2 ^ SLT ' BlTffl^tOTDHtS42«)«BHt*t. OT 

+ *,U«r*tf. ^ + (channel estimator) 5 0 tt , ^ Dy HJft 

[0014] 

* i *** W ^"> T^yu^( deS preader)5 2, 5 4(4. -> > ,U S , , 
S.SrttTci-Sfcftt, a* AT «| «> » ^- J: 5 . IS^fc-o^ 
***Jfli LT. gfc « ^Sr^te«c(despread)f 5. 5 6 , 5 8 it , 

T- % * L * U # *5 J: V ffi ft £ , k £ *ft « f 5 fc * , ^^l5E->y*' ; ^ 
ft^.jt^tt^ a(conjume)T . fit5o ^ § ^-Mdeco M utator) 
5 9 (4, /MR (symbol order) * {ft 5E L , **.fcj:!>**»56, 5 8 

[0015] 

«fc 5 K . ? ! ^.y^2o* i i [ ,.^^., B ^ 22)li -> vtf,u s 

. . S 2 ^ m B# ffl ^ |§ (space-time coder) 6 0 IC # ^ 5 0 A^fCT, S,f4 
T.~T 1 OJHW*^25IWl*WW^»6.0lCj:orafi$tu5 0 -> > df s , «: , 

ftftfE (transform opera t i on) V h 5 £ ffl H# RSJ flF * 6 0 (4, X 3t ffi * & j£ ffi « 

[0016] 



( 17 ) ^2 002-538661 

5 o SB*IIIIflf^8 6 0ro»2|iiAtt l SIKlT.-T.tCi/yjJf^s^A** 

18 ^ (nega t i ve complex con jugate) Sr ffi ^1 -t *X (d ^ ^ T . Jtt ffl T i ~ T 3 "C 

[001 7 ] 

• ^ h U - A N ^ ^ U s/ ^ 6 2 , 6 4KA;#*ft5 0 12 * <73 J: 5 ^ , * zf U y 
V 6 2 , 6 4 H^^/UV^^f W, ^?IJ^t5 0 >S *5 , ^y^;l/|Of • U 

[0018] 

^^^^ 6 2, 6 4 tc: *5 W 5 ffi » « SB « ^ r , te tt x - * • ^ h y - A 
, £S«^i£$:i£{f^3 0, 3 2|:icT*B, 7 y ^3 h J; (Jfiii $ tt 

6 O 

[0019] 

*S**««*i£{3«3 0, 3 2 (7)Hi^fj:7yrt 3 4 , 3 6 (.fi^^ ti, m ^ 
CO t > ^ 3 4 , 3 6 li, ft^/^Sr,, r 3 T* IS J6 "C # 5 ^ £ 6\ L T 

« * S: fS i" S □ 

[ 0 0 2 0] 

*D A # ^ - 5/ h TMi , T > x 3 8 ( i ^ if jf f ^ S f f 6 o & ^ , 3* i t if -S§- f* 

i^^4 nc8^*ix, * ic ^ w b# pa m # ^ 6 6 fc ^ ^ $ ti % 0 ^mmmm^-^ 

6 6 <D tiiti l* ^ ^**&&&<D±££<D-m<Oftfrh2f.tti&tltz IS f (factor) 
iotS»Sn^«lJ^y#/i/t**5 0 JSfe fc . C ^ b © V y ;u jo j; @ f ( j; 
, ri'^^y-/^J:u ! «fS4 4lcAA^tL, ^ ti (1 y r > ^ y - 

[0 0 2 1] 

Ei*5J:(/|gi3{c*5i^T, OTDJoJ:tfSTTD^>f^-'>fJSoB*(:o 



( 18 ) 2002-538661 

'< - v- ^ * 5£ # = 5 ^ ^ - ^ 2 4 Sr *U /H It^Sfcfct'ifci, igt6 
^S^5fir^/^jMtS/ ( f57x-> ? y^^§(t5J:9lc N O T D m <D ^ > 

[ 0 0 2 2 ] 

::tH4t#BLt, B 3 artist 6 6 ■cffl^fetis, £ m m m m 
(DM ^^<^4Wl^/Tto 

[ 0 0 2 3 ] 

sra»iBafss6 6^©AAit r ^ft 3 8 tit, y ^ >- ^ v 

— F-a5ffi«£ixfcSff{f-§--efc5 0 rooff-^-d, *Sff r yrt ^bf t^/u 

^^r^wu-T"— ^^r^t^o 5=-^^^*tfi*5 0(i, Z ti b CO y< a y Mf ^ £r I¥ 
«LT. ^ * * ^ « » r , , r a Sr » ffi i" 5 „ 
[ 0 0 2 4] 

(complex conjugator) 7 0^, [H ^ O J; 9 Jil . ^ £ > n > y< — h • 

iS!tt»*ixfc«^^#S**»Srji[aiU, *t**S7 2 ^© A A to * I: , 5" 
+ ^^«*r,<Z5*SSr3|[da-r4fc»^ffl^feix5o * * # 7 2 fi . £ « fH§- , 

^ ^ ^ « * r , . * Ttttf t*/l/«ft r ,05-* 
1S:«*»-e**i-5fcaC)jCffll^P>tL5 0 #D # 3§ (adder) 7 4(1, SS^7 

> *K >v & m -f iS # £ £ £ 7t (c ffl ^ b ti 4 0 #c , r jib^Joi i/y#;u(w 
eighted symbols) (i , X S ^7-^ 7 6 {C o t 1 g (decoramutate) ^ tl , 

m m i/ > 2K /u o - ^ ^ > ^ /u ta & & ± & -r 5 0 

[0 0 2 5] 

*5 , x , ( t ) £E£*Lfcfi-§-f;ig&9, 2 o©S45B?pfl 

x t 4 ^ t , 2o^v-->ryi/t^ • i/^^/vaP^Bj^Ctif f x ( t ) *> 

^ tb £ 2x £ - <b K S S £ it rt: ^ c 

[0 0 2 6] 



(19) 2002-53866 
iS«y-f/<-->^fi:ffp±jE©2o©*j!fett N 2 o©7 yf t^|fflt5. T 

^ftrot ^niDt^rticj;^ mm <d y ^ - ~y 3- & & ^ % o 
& a ao l -c t, . memory Ti-icxzttLcojjmiztt^T, * tnz v & & & & 

[ 0 0 2 7] 

ffi M s# ID it ft ^ >r ✓< - •> ^ £ *ij ffl -r 5 & ft a k o ^ r , r <d ^ ft ti . <? * ;is~> 

t * L fc: ti , 2 * © 7 >- ^ # ± a $ n (c jf $ ^ o 

[ 0 0 2 8] 

[ 0 0 2 9 ] 

( $? jg & us #j co ta. m ) 

W *s J: vm A K o ^ r (± , i#©liiuic, *»«i:HtsaTop»4R 
«Sr#«t5:tCJ:oT*tJ:<i)|f$hj : 5o 
[ 0 0 3 0 ] 

^tiS^tlLt, *»MO*ft*5j:t;i/^f ACis, £ ft * V - -> 
[ 0 0 3 1 ] 

^-^•y-^2 0rom^fi, = 5= ^- ^8 OlCiB^Six, r © =. * ^ ^ - 
9 8 0 |± , - © 0iJ X- «: , M ft ttt © » «[ 8 2 , 8 4l;fioTM^' 5 .>y^^ 



(20) »t 2002-538661 

ZmtR-tZ. fc*s. 35^-^8 0,2 »ffl»(divider) 8 6 *»6©ai^ fc j; 
° T *^ 5± ' t: - -> V # /U • * n 3, * 2 2^-KD^j)- t .|^ t5( 
^ £ #^8 2, 8 4l;fc.t5r-? • U- h tt, • 2 0 A> 

in -i- s o 

[ 0 0 3 2 ] 

(transformer) 8 8 , 9 0tt. =« 5 =. f - * 8 0 ft A £ * « 7* - * 

•^y-AKtt****. £ 8 8 , 9 0 « , ^^^^Itr, & 

y - ^ * * * r s . -> > * ,u • ^ - f (4 , saaj&^-r^^finssr^ffiu-cg 

[ 0 0 3 3 J 

8 8 . 9 0 tt, B 3 -CKM Ufc^m«*WW-fr»6 0 

9 0 CO * tL * *, tt , Si fcJ:tfi2? , rBlsfffl ^ f{1:f _^ ., M _^ an 

IftHXBSKSJfti, fir) - tt « * * £ spj ^ T z o ^ u y ^ 9 4 ^ ^ Wi 

£ W, OSS (inverse) <t Jil g t 5 r i t J; o T I fiS ^ 5 S ,| ©feft ff ^ ^, ffl 

*8 2. 8 4rt 0 |ff*- S ft i( ; tIVM: ^ it , t5HN . f ^ t ^ IlN( . S5? 
[ 0 0 3 4] 

T > :r ^ • 7* - * . * * 7° ^ ^ 9 2 J: <>' * u y 9 



( 21 ) 4#Ji2 002-538661 

oT^Jfe^n, :n^^«tSt?9 8li7y7tl 0 0-1 0 6(:e^^ix6 o 
[ 0 0 3 5] 

I^*SfcJ;t>'l^^/ftilU'^/u^^l7P-ft-h5r/Tt 0 i ^ © j: 3 

, ^ot^nyDyn 0 o^bH^L, ftic^o s/^ 3 0 2i:ii*, rrr-^ 

Dt^lUAf-^ • * h y - A <o > >- • ^ - ^ & ft HE (comma t a t e) L T 

fc , ^^af-^80(Cj;oTSffit^, r<D3^ a x-^80|j:, V # /u 
2r S flit L T . m^(Ommm - * * * h y - A £ £ L , ^ (C - 69 ^ - ^ . ^ 

h y - a f* s m «f m «f s s , 9 o(cA*jti^ a * k , ^ p t ^ ^ n 5, 

^ 3 0 4 (c t J: 5 \c . ^Sc^fiiSKjSF*^ — ^ * h y — <z> * ft -t* ax *5 -5 

# U > Tjf ;u . i/zu-^Sr^glLT, ^ 1 J;t>'i 2 I^S^f-^ • ^ h y - A 

* £ -t -5 o # S ft ^ i£ 09 -CM* . O 5 \c Tfi i~ ± 5 ic s r wgf ftSgtt, shsh 
^^^ 8 8, 9 0 *ifOSW«FPJIiWF^«SrfijfflLT|llfi-e#5 o 

[ 0 0 3 6 ] 

h /Hi , 

X = [S,, s , ] 

-C fc 9 , C : t S , U <t s s (i , A*V^sK/u-efc5 0 »«t4B 

Y = [ Y 1 , Y a ] 

■e fc 9 , c -e y , = [ s , ■ f - s , * ] T -c *> 9 , y , = [ s s • , s , * ] T -c s> 9 

, [. ] T « ^ h B (transpose) « * &• S L , [. ] * f* * ffi: ^ (con j uga t i o 

n) «: » r 0 

[ 0 0 3 7 ] 

w o « » « , aas^A^sttsssiEaF*^-^ - ^m-^i, « «e ^ »e » 

f ^twu i 1 l t , io A *: ^- = y M:tastt5i^5**i:J:oT!|t 
» f+ ft b ft 6 Q 

[ 0 0 3 8 ] 



( 22 ) #g 2002-538661 

<to tfflASii5aft©aEft»*f-# . * h y - ^ tt f ^ ^ n ra _ 

[ 0 0 3 9 ] 

fa t > t T • y* — ^ • ^ h !i - All, / u y ^ 3 0 8 «: /t f J: ; (: , 

X IB , T y =3 >- — h , if tl $ tt , 7>ft • 7 H'rtOiRJtltryft 
^^^bSfl^tlSo ^ <7) l£ (5g , i 5 Cfc^ti,f$ tlt^o d w "C S IB S 

*5 J: T y 7 =i >> y< — $ 9 6 ft . ^ p *5 J: XI T y ~f = > ^ — h & fig * * -f 0 if ijig 

* 9 8 « . fit tryft l o o - l o 6iaotif|-ct 5 J: 51:, ft co 

7 - &■ it M i~ £ 0 WTtRWt 5 J; 5 lc, ^ -v * /u »J ^ £ ?y 5 r t & T* # 5 <fc 5 

[ 0 0 4 0] 

<5 #> #D A y h £r ^ 1" 0 [El ^ co J; 5 , 7 y r t 1 2 0 ( i , rvx^l 

0 0-106 ( m 5 # jg ) ^P>aS«$rtfc«#SrgfSL, CL - -C * « * , ^ ^ 

^ /H^ t r , - r W^J: o t te I 5 1 ^ fc ( j: f t ^ /u ^ L t $ 1 I t V ^ 
o 7>ftl20*^^flttt, ^^ya y^-^fcj;t;gJHg i 2 2 

[ 0 0 4 1] 

* ^ U y ^ l 2 4 , 1 2 6fi. 0 5 {:^it§^/l/^ 9 2, 9 4 C T i ^ t tl 
fcffi*W»Srl»*-r5o :tl&f^^l/^l 2 4, 1 2 6 , v K £ 
ft ft £ \ !U5CO^tljj8 2, 8 4 <£> if ^ {C fg i*S "T -5 2 o <D ft ^ (C # « i" 3 



(23) ^2 00 2-5 3 8 6 6 1 

St ft If » T' <fc ^ . 

[ 0 0 4 2 ] 

i&tett**^-*,<;, K«ft«*tt. i»**«<i„ V erse transformer) 
1 2 8, 1 3 0 «^^5. »ar**.*«9j-Ctt. B 4fc*tJ:9 

* 1 2 8. 1 3 0 ttl | 5O$ « 8 8 , 9 0te*v,-c*fT3*LSK*©* R * 

[ 0 0 4 3] 

X , = r , S , - r , S s * *S J: X , = r , S , + r , S , * 

"? <fc 5 „ % o r , fg v jjx ro j. 5 {;; ^ _ r . ^ s : 

S,= r,*X,+ r„X,* 13 £Tf S , = r , * X. - r , X, * 

1 2 8 . 1 3 0 ^O^ ttl f,-;^-n32lce^^ : 

* ^ . u-K =r j Ew . > ^ >K ^ Wffs . 4fi j + ii /j; fe ^ H 7 { , _ ^ ^ ^ ^ ^ _^ 

5-^-^1 3 2li->y*'yu. u- [- O Z ^ O t - 1 f L t , 7* • isftfA, . 

x - 5 ! 3 2 tt , - ^ « 

> * : ^ 3» T* E£ L 7t -> > • u — |^ trfif f5„ 

[ 0 0 4 4 ] 



( 24 ) 2002-538661 

[ 0 0 4 5] 

m7kC7f;^~T-*"r?=$-^frh, ~ « Sfi <Z> #H# ri s II S £ *l 5 o - 1$ CO « jg CO jpj 
» fi S & *U » (path gain) *> 9 . C *l . iS?^^«5 1 2 8, 1 3 0 b CO ttS ^ 

iR^ s i2^^S^^^^tl^x^^L^*y^(Cj:oTEJ3y$H§0"C x « -!§- #J f# (dec 
oding gain)#^St| So wftfeO#l!£rt^&J8£;h,Jt S * 5 g 88 Sr 

5 tt § r i ii , ft- w ic *> (9 5 I- * ^ 0 

[ 0 0 4 6 ] 

<E> J: 3 K , /Di?^«7'pyn 2 O^blfelt, ft 7' p 7 ^ 3 2 2 i| ^ 

^ - - ~e ^ □ ir 7s it S ft ft £ S « * # V V = > y< - h U T / - * ^ > K § if 
If £ £ 1" 3 „ C co & fe b f2 , H7tOTfJ;9ft^^yny/^-^^^;(/f||f 
1 2 2 t^fit'^o 
[ 0 0 4 7 ] 

ftic. ^air^fi, 7" p 3 2 4 C /T f J: 3 C , T^rt • 7-^ • ^ M 

- -a & ± -r 5 7t 46 m m m x jb ^ ^ * * v- ~ *c n a -r -5 # * ,u ^ ^ ^ 

£r #J ffl L X , - ^ y< > K S ffi ft ^ Sr 35 ffi » 1" 5 „ ^ ^ u- s> ^ co tB f i g fff ^ 

6 W 3Mf # i: ^ i£ *£ » » fM* , 13 7 iCfc^T7^^t^>^ 1 2 4, 1 2 6 -C 

[ 0 0 4 8] 

-C f* , r CO & [Sg « , #xX^^s/^124 f 12 6 ( i 7 # i ) CO tfcl ^7 fC |£ & £ 
ixf:STTDlfStI|Jtl^o i» * » « 1 2 8, 1 3 OlCtS^^xmmZtlZ 
ft * W 9t H « % 07«:#HL-CKWL,fc o 
[0 0 4 9] 



( 25 ) 2002-538661 
fcfc, ^B ? n28i:*tJ:5l:, i» X tti ft * « # fi % (decowutate 

>^ y-y»*flftftflltS:triit5. CO«.Btt. El 7 t*t J: 5 
& 1 3 2ICiot«SJn5 ( 

[ 0 0 5 0] 

ft & (C , /p 7 M 3 oic^tiic, -T>'*y--7'»*ff*fl:flrs-H:, r-Y 

^U-^fcit/^^-^D-fer^fi, ^-^-y-^20 ( 12 5 # jh ) i: j; 0 t 4 ^ 
r-;? • * h V - ^ ^ttl-xm ft ZtitzX- -ft teZV^^? 
• !) - / • yot^5:|^t5, 7"a. y; ?330(O^(C, /ot^tty B y n 2 

o 

[ 0 0 5 1] 

::tl9^#lLt, *«W©*ft*jJ:uti/^yAKJ:5, i£ ft * W B'J © * 
«S « Sr * i- . 09 leKStiHll^lf*^ 
* SB # I* PI - (D # BS # * ^ $ ^ T ^ 5 o H9^*J^*iH««©tfefiB«:, if *I 
98 tr>7ti o o~i o 6tcor B T(r,|g^-^tL7tTv^-7---feu^^ i 4 oro 
iliDicio-c^bf-efe^^ixS, Tv^^-.-feu^;?i4 0{d;, fit ©)|*IIS 9 
80lBAttt««)7yftioo~i0 6i:a^ti5. # * L < tt . 1# *M §i 
9 8 © ffi A f4 , . ttf OI*BflK*i^tryf to 5 *)©-oiaj!£«Cg^$tl^ 

[0 0 5 2 ] 

» m k m m m x 1± , ryftit # 1 4 2 ~ 1 4 si*. HTo*K*t^^ y ^ 

^ y . /^-yct, TVt-7- • M V> ? ? l 4 OKioTlRSftfcTi'f tK 
[ 0 0 5 3 ] 

[ * 1 ] 



( 26 ) 



2002-538661 





fl^l 4 2 


fl-f-l 4 4 


4 6 


fll-f-1 4 8 


0 


T, 


A, 


A 2 


A, 


A 4 






A s 


A 3 


A 2 


A. 


2T X 


3T X 


A t 


A. 


A, 


A 9 



[ 0 0 5 4] 

* -f y ^ ? • ^ ^ - > IJ , T >"r -f- ■ •£ ? l 4 Otd^t-g-^ixfc^^ y ^ 
>^./<*->38£S§l 5 OtjSafJ 5„ *1 C^trv-ft • ^-f ?f >^ 

• ^ ^ - v fi N 3o«^«i^p,/i5jg^6<j/£^^ y ^ > ^ . i? - v r- -5 t)s . 

* * > ^ GO ft to 9 K , J ?>#'J**£X<{r3-*4r$ : mmi,Xt}£\,^ 0 * -{ y ^ 

y 7 <d a co i 5 * xn- * - > *s ± ?>* ^ >f * > i?* * ii ^ u i Ltt, -> ^ * m. m 
s§ *3 ^ t ji * * /v m m & ii m # v- > # ,u -e m g -c # a «t 3 i:> *a a % 

[ 0 0 5 5 ] 

T is 7- -j- • t ^ l 4 0*sf (tt5 u — MJ> ->>-zK/u • n s/ ^ 2 2 b Wl 

V ^ . u — h -> >- sjf /i^ . u — h J; U 
[ 0 0 5 6 ] 

y h tt , I7|;*tglfl7-^f ?f t tPlSffcS, fc fc* L , HI 9 (c tj* i" J; 

'•^^^t • * -y ^ v ^ i m m -r 5 m # * s « *- s * * k « , # a* « * « « . 

T- # 5 5=- -y * /i' Jt £ #§ % 1*3 jg L ft n fi ft h tt v> „ £? ig ft J| it #ij f l± , |f| 

» , m 4 (c * f g m sf m a * if 6 6 ft if co £ n b# n m # i§ ■? & 5 „ r >- 7- ■* <m 

* 1 4 2 , 1 4 4 ^5TV^^-A,, A.K-ttL-Ptbilif^^ixiir^^ + ^/Hft^lS 
5 Ottf t^/^Sr,, r.?rjtSt5. 7yTtjftl 4 6, 1 4 8 (C o ^ T 
, 3Siai^Pifla*»6 6rt©^ + ^/U|tS«5 0tt, f ^^#tr,, r ., *• « j£ 

t5. frfc^7yftfflg^t^7yft • t ? 1 4 0i;J:oTSe?§ti5 
i: , f t*yH£«5 OS. 0iJ x tf , r , , r , Sr ft £ T* # 5 „ £ P«1 B# ffl % ^ Si 6 



( 27 ) 2002-538661 

T ^ ^ s/ ^ > ^ • — >3B£«1 5 4 ft, il^^^^^wU^^^iit^-T^ri: 

£ g fft t L T , a#ffi « 5 6 (1U4#bs) rt[:*$itt^5 0 

[ 0 0 5 7] 

ww-eUio^#fiSLT, fflgifcxkftfcfcSvwaiS&^ftfcT^^^ajyjS: 
Girzmitmnfti&mM&l&Tssiro EI l 0 K * r iSHf «* f* * i 9 (-Tt^f ii: 

1 0 0 — 1 0 4K<Dfy1£&&1nX\t^Z> 0 T > T -T • irU^^ 1 6 0H3*O7y 
^^CD^tC^^$^T^^)C0-C N ^-f y^' • ^^-y^4SSi 6 4 o 

7 y r t if 1 4 2 — 1 4 8 3 *C07 >rt 1 0 0—1 0 4 c?St^^^ 
>y *f- > # • '< ? - V *f l£ U # t* ft fi ?> ft ^ 0 ~ tf> H Ifi #J "CM* , 2 o « _h CO T 
Vf^ff-^-^ — ocOaltR^ftTtT^^-^^^^^ft^o 
[ 0 0 5 8 ] 

u#,iit, mi o {c ^ -t mm x x mm z ft & m ^ z 

t5f:*()[; jjPAf ^-^'7 h\cxm^^bti&%: it Wt&^-to m 7jk co X o \c ^ T ^ 
t 1 2 Oli, TV^^l 00—104 ( El 1 0 # fig ) rt> ilHf £ ft {f ^ £ § ft 

-^io ilFII^ 1 2 2 ©ttl^f^ ^< — KSSIIf tfc5o 

[ 0 0 5 9 ] 

-<-7^y KSIHf ^fif^/y i 2 4, l 2 6t:g^Sti, 

K ft 4§- fi , [gl^cDJ: 5 K 2ocoS>i5iS?it»??-S-Srffl^ N Ta?ffitkSftSo 
2o©StS[f?f HI 1 0 ^ -T ^ ft fit (d (t S ^ ^ ^ ^ ^ 9 2, 9 4 ^ i o 

[0 0 6 0] 

— *'<^Kg{f«^ifc^5, r ^ ^ u 5/ ^ i 24, l 2 6 <£> UJ 
^fis iSSESSl 7 2 ic^iif tig^^nSo 7 2(i, ^ 1ft « 8 8 , 

9 0 (@ 1 0#S) ^*5l^T3lff^ft5iSW^a?*»Sr?T5^> *: L ffl » fct 
, 1 7 2 (i, 7yrt'tu^^l60t:^^Tffl^bn^)^^yfy 



( 28 ) 2002-538661 

6 0 : ^ ^ f y ^ • - y (i v ^^fyf - 741: 
±otffi«j|S§i 7 2i:4ibti5, * -< s/ ^ ^ ^ • ^ — > » £ S «: , 0 10 
oigfiairttf);*^ y ^ is t? • ^° ^ — 2£ l 6 2 & ^ x £ £ £ ^ — > 

[0 0 6 1] 

^^^^tU^{f-^f^:x^5:^^«^ l 3 2 U ^ J , : ^) r a ^ t - ^ l 
3 2 fi N gffl^> 2 oco5)8^b(7)f t^/^fflv'y^y^t^tiSo v- >- ^ 

/U 2* *f *f j\s — ^ $ fi £ - CO £ij TMi x 7 s " = ^ ^ X — ^ F*) <D # a y $ \£ > y 7$ /U 

• u — b <d ~ 5$ <d — -e ft 5 „ = ^ a ^ — ^ 1 3 2 © tti ^3 ii , > ^ y — y 
W*«F*<ffc;flr#"C;fes. 

[ 0 0 6 2] 

^ > ^ i) — 7 & &n iritis «( > # y-~'<*3£vim^mi 3 4 m a * ax 
, : wfV y^ y - ^ib'i^Sf s 1 3 4 (i, 7-^ • y-^ 2 0 tffi^&ns 

[ 0 0 6 3] 

i£ ^ & Si l 7 2 o Hi I: t i 1 1 l:/Tt«ftli, T > 7"-^ f§ 1 4 2 a* T >- 7^ 
t 1 00 ti, ryftftf 1 44^7 >- '-r t 1 0 2i;g^^ti, r > 7" 

tlf^-l 4 6^/y7t 1 0 4Cg^^, T>-^^Mf-^14 8^T>'7^10 

[ 0 0 6 4] 

:^t'Sl 2!r#SLt, i£ ft ^ -f ™ is 7 TMf -*§• 4: ^ x_ -5 fc <D j£ ff # £ & 

-To i ^ co J: 3 , 7-^ • y-^2 0(j:|ffft-^y^y-yjtif:h7t^ 

^ • ^ ^ /u • 7" — & • V — ^ Sr ^ x. N t«) 5 % 2 Ofi0^y#;u^v/y*;us, 
, S,i: Lt/T^titl^o 7-^ • y-720^5?^tH*^^-Hi, >" ztf 

^ • ^ o 2 2l:j;oTMffliSjx5o x — — ^2 0CQtb^fi, ^ & Si 8 
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m at v # a . 

[ 0 0 6 5 ] 

aE«*8 8K:J:oTaj*Slxfc1i»©aE|ft»J5)if-^ . * y _ A tt ^ g, j 2 

ICfc^t^/u^y 9 2 t Lt*Jlx5lt©^/l/y^|;M^^5 0 H 1 2 

-t m m m x* it . ^ & s§ 8 8 to m ft « ra - & i& «f * -c- jt « $ n s . 

[ 0 0 6 6 ] 

*7'L' : y^9 2<atii^f4, £ M , rs/T'aV^-h, f I*J J; tfT > f t t ^ 

CTT-tt. rtibroryft-f-:? • * hy-Aii^^f-^i 7 o fc a ^ £ 
ft . r«=S^^-^i7 0«, »I*152CJ:or*4Sh5»JS5/y i |?^ 
■ 9 * V * ■ \s — Y\Z.Xte^r&WLm-rZ 0 w © W tt , = §=.7 l -^170»±, 
# x - * • x h y-A|;o^ti^$t l f C 2o©S'i5Signt*7yrt • t ? - 

9 ■ * ^ y-A^^gix-c, 4ociiig^. 7 >7t • * - * j» y - a £- 

[ 0 0 6 7 ] 

»a<c*J6fla|-ett; = S » x - * l 7 o co * 4 ? ^ « N 2->vjKyn*mo»j 

rflT-ai^^iltR-rs,, ftfc © ^ n y * • U--h§rfiJffibTtJ;<, i r -<? * n 3, * 
f± . ^ A- — 7° |*J «0 •> v zK a- (7) m <r> N {g £- v *K yu- B# ffl t> fj| Cfclfs^ttS,, 
[ 0 0 6 8 ] 

So *S , = * a. ^ - * 1 7 0©a**SaEWH§*5j:t|tr3'7*3^^-^ g 6 ( - m 

«E £ ft v » -g- , aifciy7 ^^^^^-^^^A^fi-tfnKiisjt^ft 

[ 0 0 6 9 ] 

3EMIS*>iy777'3y^-^ 9 6 ri> 6 CO £i} ^ (4 , if £ T V ^ l o 0-1 

0 6 A» f) (I f # 5 J: 5Jd-Sfc«){c^f-§-S:iii(i-r5^'r7'y ^ K • I- y * * 

** * « 1 8 0<OA*Hc!£&£tiz> o „j ? y y K • hy^^t|«»l 80 
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8 2 IC fc^t jiff * ti5SE*C» LtISW4«*S: Hfft5a ^ #1 i£ 1 8 2 & 

^ -< y V y K • ^ h y ^ * tf ifrl £ 1 8 0 £ fij ffl f £ *U ^ fi . 9 8 ^\ 7t 

* ;/ y 3/ k • ^ v v ^ * <6« 1 8 o - oa^^^d (c^^^'tit t^r h 
, '< v -mtsmmi: z> t -e *> z> * 

[ 0 0 7 0 ] 

' W ^ y 3/ K • h y ^ * ig ifl $ 1 8 0 (D m X (2 , m#Sr#^^r^yu±T-^ffi 
^^^vfl^tillt^c^CTyrti 0 0-1 0 6 K *S ^ £ *b 5 0 
[ 0 0 7 1 ] 

rrtBl 3*#89Lt, i l 2 (C/TtiSf iO*j£*s il/v'^r Aft^Sr* 
tB^^^4»i7o-ft-bS:/Tto HI ^ 60 J; 5 fc N ^ot^tt^o y ^ 3 

4 0 ^ b BB *6 L T . Rt:7'n ^ 3 4 2 Ci^, ; r t ^ n t ^ X Jl 7* — ? 
• * h y — -A 2h £> > V aK /i- • ^^-^SrtftLt, 19 « 60 3? tfe * 7* — ^ • * 

5 o » is * si is m -e t* , m & s§ fi , m 3 -c k 01 l fc «t 5 t- , Hioi;(;i2« 

« ^- x - * * ^ h y - ^ £ £ j£ ^ 6 £ P^ &# Pfl & T £ 0 
[ 0 0 7 2 ] 
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(o w^m^ ^ xi ^ (D m^, <d ft m ^ m ^ ^ u , ^oait ^sj^ss 
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